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TOPICAL ANTIGLAUCOMA COMPOSITIONS COMPRISING CARBONIC ANHYDRASE 
INHIBITORS AND BETA-BLOCKERS 

This application is a contmuation-in-part of U.S. Patent Application Serial No. 
07/837,869, filed February 21, 1992. 

ttaffr yroun^ pj T hp Tnvention 

The present invention relates to the field of ophthalmology. In particular, the 
invention relates to the treatment of glaucoma and associated elevations of intraocular 
pressure and to the treatment of ocular hypertension associated with other diseases or 
conditions. 

Although the underlying causes of glaucoma are not understood, its symptoms 
often include elevated intraocular pressure, which may be caused either by over- 
production or inadequate outflow of aqueous humor. If left untreated, or if 
inadequately treated, glaucoma can lead to blindness or significant loss of vision. 
There is therefore a continuing need for therapies which control the elevated 
intraocular pressure associated with glaucoma. 

There are currently a number of drugs utilized in the treatment of glaucoma, 
including: miotics (e.g., pilocarpine, carbachol and acetylcholinesterase inhibitors); 
svmpathomimetics (e.g. epinephrine, dipivalylepmephrine and para-amino clomdme); 
beta-blockers (e.g., betaxolol, levobunolol and timolol); and carbonic anhydrase 
inhibitors (e.g., acetazolamide, methazolamide and ethoxzolamide). Miotics and 
sympamomimetics are believed to lower intraocular pressure ("IOP") by increasing the 
outflow of aqueous humor, while beta-blockers and carbonic anhydrase inhibitors are 
believed to lower IOP by decreasing the formation of aqueous humor. All four types 
of drugs have potentially serious side effects. Miotics such as pilocarpine can cause 
blurring of vision and other visual side effects, which may lead either to decreased 
patient compliance or to termination of therapy. Carbonic anhydrase inhibitors can 
also cause serious side effects which affect patient compliance and/or necessitate the 
withdrawal of treatment. Moreover, at least one beta-blocker, timolol, has 
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alkyl or in which said carbon is substituted optionally with C,^ alkyl, 
alkoxy or OH; and when R 3 is in the 5 position and is H, CI, Br, or alkyl 
then neither R x nor R 2 can be H or C,^ alkyl; and when G is C(=0) and in 
the 5- position and R 3 is H, then R x and Rg cannot both be CH,; 
Rs & Re are the same or different and are: H; alkyl; alkyl substituted 

optionally with. OH, halogen, alkoxy or C(=0)R 7 ; alkoxy; alkoxy 
substituted optionally with OH, halogen, alkoxy or C(=0)R 7 ; Cj. 7 alkenyl 
unsubstituted or substituted optionally with OH, NRyRg, or C,^ alkoxy; Cj_ 7 
alkynyl unsubstituted or substituted optionally with OH, NRyRg, or Cj^ alkoxy; 
Q.jalkyl-C^jCycloalkyl; C(=0)R 7 or Rj and Rg can be joined to form a ring of 
5 or 6 atoms selected from O, S, C or N, such as, pyrrolidine, oxazolidine, 
tbiomorpholine, thiomorpholine 1,1 dioxide, morpholine, piperazine or 
thiazolidme 1,1-dioxide, which can be unsubstituted or substituted optionally on 
carbon with OH, (=0), halogen, alkoxy, C(=0)R 7 , alkyl, alkyl 
substituted optionally with OH, halogen, alkoxy, C(=0)R 7 or on nitrogen 
with C,^ alkoxy, CC=0)R„ S^O^Rg, C,^ alkyl or alkyl substituted 
optionally with OH, halogen, Cm alkoxy, C(=0)R 7 or on sulfur by (=0) m , 
wherein m is 0 - 2; 

R7 is: C^ alkyl; Cm alkyl substituted optionaUy with OH, NRjR^ halogen, alkoxy 
or C(=0)R 9 ; C,^ alkoxy; C^ alkoxy substituted optionally with OH, NRjRg, 
halogen or Cm alkoxy; NRjRg; or phenyl or R 10 either of which can be 
unsubstituted or substituted optionally with OH, halogen, Q . 3 alkyl, d_ 3 
haloalkoxy, (CH 2 ) a NR 5 R 6 , S(=0) m Rg or SOzNRsR* wherein n is 0 or 1 and m 
is 0-2; 

Rg is: Cn alkyl; Cm alkyl substituted optionally with OH, NRjRg, halogen, alkoxy 
or C(=0)R 7 ; 

R, is: Cm alkyl; Cm alkoxy, amino, C^ alkylamino, or di-C^ alkylamino; 

R 10 is: a monocyclic ring system of 5 or 6 atoms composed of C, N, O, and/or S, such 
as furan, thiophene, pyrrole, pyrazole, imidazole, triazole, tetrazole, oxazole, 
isoxazole, isothiazole, thiazole, thiadiazole, pyridine, pyrimidine, pyridazine, and 
pyrazine; and 

G is: C(=0) or S0 2 . 
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In the above definitions, the total number of carbon atoms in a substituent 
group is indicated by the C H prefix where i and j are numbers from 1 to 8 for 
example. This C H definition includes both the straight and branched chain isomers. 
For example, Q.4 alkyl would designate methyl through the butyl isomers; and 
alkoxy would designate methoxy through the butoxy isomers. 

The term "halogen," either alone or in compound words such as "haloalkyl," 
means fluorine, chlorine, bromine or iodine. Further, when used in compound words 
such as "haloalkyl," said alkyl may be partially or fully substituted with halogen atoms, 
which may be the same or different. 

Structure (HI) includes isomers, wherein R 3 and GNRjRj are attached to the 4 
and 5 position respectively or R 3 is attached to the 5 position and GNR,R 2 is attached 
to the 4 position. Many of the novel compounds of Structure (HI) possess one or 
more chiral centers and this invention includes all enantiomers, diastereomers and 
mixtures thereof. 

Especially preferred CAIs of the present invention are those listed in Table 1, 

below. 
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TABLE 1 



//\\ 



1 CHjCHj 

2 (CH^CHj 



4 (CH^CH, 

5 CHjCH, 

6 (CH^CH, 

7 CHjCK, 
S (CH^CH, 
9 CHjCH, 

10 (CSdJOH, 

11 CHjCH, 

12 CHaCHi 

13 (CHOiCHs 



CHEMICAL NAME 

(R>3,4-Dihydro-2-<2<thQ3qr)ethyM 

thim^P.?-^]- 1 p - thia-m f JixnKrrmtmiiipi 1,1-diaxidC 

hydrochloride 

(R)-3,4-Dilydro-2^*tha^)eflyl^piopylamino-2H- 
thieno[3,2-e]-l^-thiazme-6-sulfonaniide 1,1-dioride 



_^--JL 

(CH^OCHjCHj 

(CH^OCH, 
(CH^OCH, 



(CSOjOCCHj^CHj (R)-3,4-DQiydro^thylainmcH2-[2K^^ 

thieno[3^-e]-l^-thiaziiie-6-sulfonamide 1,1-diaxide 



(R>3,4-DihydiD^-e^aniincK2<3-n^u>y)propyI-2H- 
tbieno[32-e]-l^-tbiazme-6-su]fi3aamide 1,1 -dioxide 
hydrochloride 

(R>3,4-Dfliydror2-(3-n3etha^)pr^ 
tbieno[3^-e]-l,2-thiflzine-6-suifciiiainide l^L-dicndde 



(CB^OCCH&OCHL, (R)-3,4-DihydrCH2-{2-methaxyethaxy)ethyI] -4-propylamrno- 
2H-tbirao[3^Kl^-thiB2ine-6-salfonamide 1,1-dioaide 



(CH^OCCHOjOCH, (U>3,4-DDiydxic>^tlylamuio-2-[3-(2- 

methoxy)emcDy]propyl-2H-thieno[3^-e]-l^-thiazme^- 



(CH^OCCH^OCH, 

(CH^OCH, 

(CH^OCH, 

CH 3 
(CEtO^OCHa 
(CH^OCHj 



(R>3,4-Dibydro-2-[Hmetfc^^ 

2H-thieno[3 2 ■«] -l^-tbiazme-6-sulfonami de 1,1-dicoride 

i_ i ■ „-, .i.i r ,,: r i — 
iiyurocnxonae 

(^)-3,4-Dihydit>-4-ethyian™ 
thieno[32-e]-l^-tMa2dne-6-suHbnamide 1,1-dioride 



(R>3,4-Dihydio-2-(2^ethaxy)ethyM-propylamiiio-2H- 
thieno[32^]-l^-thiazme-6-sulfonamide 1,1-dicoride 



(R)-3,4-Dibydio-4-etbyta^^ 
tbiazme-6-5ulfbnamide 1,1-diaride hydrochloride 

(R)-4-ethylarnino-3,4-dihydro-2^4-methoxy)butyI-2H- 
tbjeno[3^-e]-l,2-tbiazine-6-sulfonaniide 1,1-diaride 

(R>3,4-dihydn>2-(4-niethoxy)butyl^propylamino-2- 
tfaieno[3^]-U " ' " 
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4-OCH r Ph 


(R)^-Ethylamino-2-(4-metha3^eiyI)-3,4-d^dro-2H- 
tbieno[3^-e]-l^-tbiazise-6^sulfonanude 1,1-dioadde 
hydrochloride 


15 


CHjCH, 


3-OCH 3 -Pb 


(R)-4-Etby lammo-3 ,4-dihydro-2-(3-methaxyphenyI)-2H- 
thigno[3,2-ej-l ,2-thiaz3De-6-3ulfbnaniide 1,1 -dioxide 
hydrochloride 


16 


CH,CH, 


4-OH-Ph 


(R)-4-E%lamino-2-(4-hydra^he^^ 

thwnn^?.*]-! ^-thinTfiMt^t-qiTfiriTimmrift 1,1-diaride 
hydrochloride 


17 


CH,CH 3 


3-OH-Ph 


(^)^-Etbylamino-3,4-dihydr<>2-(3-hydraxyphcnyl>2H- 
thignnp ,2-thiazine-6-sulfbnamide 1,1-dioadde 


18 


CHjCHj 


CH,-(3-OH-Ph) 


(R>^Ethylamino-3,4-dihydro-2- (3-hydrootyphenylmethyI)- 
2H-tfaieao[3^-e]-l^-thin7ine-6-sulfonamide 1,1-diozide 
hydrochloride 


19 


CH,CH 3 


CH,-(3-OCTL ) -Ph) 


(R)^EthylamincH3,4-dihydro-2-(3-metho3typhenylmetbyl> 
2H-thieno[3^-e}-l^-thiazine-6H5iilfinnniTiide U-diooride 
hydrochloride 


20 


CHjCH, 


CHjCHCCH,), 


(R)^Ethylamino-3,4-<iihydro-2-(2-methylpropyl)-2H- 
thiwio[32-e]-l^-thiazme-6-sulfionamidc 14-dioride 
hydrochloride 


21 


CHjCH, 


(CHAOH 


(R)^Ethylanriiio-3,4-dihydro^ 
thieno[3,2-e}-l,2-thiazine-6-sulfonaniide 1,1-dioonde 
hydrochloride 


22 


CHjCHfCHj), 


(CH^OH 


(R>3,4-^Dihydro-2-(3-hydroxypropyl)-4-<2- 


23 




HJHCH^CK, 

o**o 


thieiio-[2^}thjopyraii-2 -sulfonamide 7,7-diaxide 



In general, an amount of a beta-blocker less than or equal to about 2.0% by 
weight (wt%) and amount of a CAI less than or equal to about 5 wt% are used. It is 
preferred that an amount of beta-blocker between about 0.01 and about 1.0 wt% is 
used and it is especially preferred to use an amount between about 0.05 to about 0.5 
wt%. An amount of a CAI between about 0.25 and about 3 wt% is preferred and an 
amount between about 0 J and about 2 wt% is especially preferred. The ratio by 
weight of beta-blocker to CAI is generally between about 4:1 to about 1:300, 
preferably between about 1:1 to about 1:40. 
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The high molecular weight, anionic mucomimetic polymers useful in the 
present invention have a molecular weight between about 50,000 and 6 million 
daltons. The polymers are characterized as having carboxylic acid functional groups 
and preferably contain between 2 and 7 carbon atoms per functional group. The gels 
which form during preparation of the ophthalmic polymer dispersion have a viscosity 
between about 1,000 to about 300,000 centipoise (cps). Suitable polymers are carboxy 
vinyl polymers, preferably those called Carbomcrs, e.g., Carbopol* (BJF. Goodrich 
Co, Cleveland, Ohio). Specifically preferred are Carbopol' 934 and 940. Such 
polymers wfll typically be employed in an amount between about 0.05 and about 8.0 
wt%, depending on the desired viscosity of the composition. Pourable liquid 
compositions generally comprise an amount of the polymer, between about 0.05 and 
about 2.0 wt%. 

The DCS component of the present compositions is added to provide an 
additional means of controlling release, as well as to prevent the stinging which often 
occurs with the topical administration of certain drugs, such as betaxolol. As used 
herein, the term "finely-divided drug carrier substrate" (or "DCS") means finely- 
divided solids, colloidal particles, or soluble polymers and/or polyelectrolytes which 
are capable of selective adsorption or binding with drug molecules. Examples of DCS 
include, but are not limited to: finely divided silica, such as fumed silica, silicates and 
bentonites; ion exchange resins, which can be anionic, cationic or non-ionic in nature; 
and soluble polymers, such as, algjnic acid, pectin, soluble carrageenans, Carbopol®, 
and polystyrene sulfonic acid. Preferred DCS are the ion exchange resins. Some 
resins which are used in chromatography make ideal DCS for binding drugs in the 
compositions of the present invention. The DCS component is present in the 
compositions of the present invention at a concentration between about 0.05 and 
about 10.0% by weight 

The size of the DCS can be important, both with respect to mode of action 
and comfort. The average particle size of the typical commercially available form of 
the DCS material of choice, an ion exchange resin, is about 40 to about 150 microns. 
Such particles are most conveniently reduced to a particle size range of about 1.0 to 
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about 25.0 microns, preferably between about 1.0 and 10.0 microns, by ball milling, 
according to known techniques. In the alternative, small particles may be synthesized 
in the optimal size range of 3-7 microns. Although this procedure can be more 
expensive, it is superior in providing a more uniform and narrow distribution of sizes 
in the preferred range. 

These anionic mucomimetic polymers and DCS are discussed in greater detail 
in U.S. 4,911,920 issued 27 March 1990 and EP 507 224 (published 7 October 1992). 
The entire contents of the patent and patent application are hereby incorporated by 
reference herein. 

In addition to the above-described principal ingredients, the anti-glaucoma 
compositions of the present invention may further comprise various formulatory 
ingredients, such as antimicrobial preservatives and tonicity agents. Examples of 
suitable antimicrobial preservatives include: benzalkonium chloride, thimerosal, 
chlorobutanol, methyl paraben, propyl paraben, phenylethyl alcohol, edetate disodium, 
sorbic acid, Onamer M» and other agents equally well-known to those skilled in the 
art. Such preservatives, if utilized, will typically be employed in an amount between, 
about 0.001 to 1.0 wt%. Examples of suitable agents which may be utilized to adjust 
the tonicity or osmolality of the formulations include: sodium chloride, potassium 
chloride, mannitol, dextrose, glycerin and propylene glycol. Such agents, if utilized, 
will typically be employed in an amount between about 0.1 to 10.0 wt%. 

As will be appreciated by those skilled in the art, the compositions may be 
formulated in various dosage forms suitable for topical ophthalmic delivery, including 
solutions, suspensions, emulsions, gels and erodible solid ocular inserts. The 
compositions preferably are aqueous, have a pH between 5.0 to 7.8 and an osmolality 
between 280 to 320 mffliOsmoles per kilogram (mOsm/kg). 

The following example further illustrates the anti-glaucoma compositions of the 
present invention. 
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The following formulations are typical of aqueous ophthalmic suspensions of 
the present invention. 



INGREDIENT 


AMOUNT (wt%) 




» 1 


» 1 


D 


• 


F 


BetaxDloI HQ 


0.28 




0.28 




028 




Compound 3 


i.r 


i.r 
















15 


13 
















15 


15 


Timolol fnaifffltp 




0.68 




0.68 




0.68 


BAC 


0D1 


0.01 


0.01 


0.01 


0.01 


0.01 


EDTA 


0.05 


0.05 


0.05 


0.05 


0.05 


0D5 


Carbopol* 934P 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


PoJysoibalc 80 


0D5 


0.05 


0.05 


0.05 


OJ05 


0.05 




qs to 300 


qs to 300 


qs to 300 


qs to 300 


qs to 300 


qs to 300 




mOsm/kg 


mOsm/kg 




mOsm/kg 


mOsm/kg 


mOsm/kg 


pH 


qsto 75 


qs to 75 


qs to 75 


qs to 75 


qsto75 


qs to 75 


Water 


qs to 100 


qs to 100 


qs to 100 


qs to 100 


qs to 100 


qs to 100 



SeeTaHeL 
-Roughly equivalent to IS w£* of the free base 



Preparation : 

» Compound 3, 12 or 13, and betaxolol or timolol are mixed in 50% of the total 

water volume component to form an uniform dispersion. Carbopol 934P is slowly 
added as an aqueous dispersion. The mixture is then homogenized at high speed. 
The other ingredients are added as aqueous solutions and then water is added to 
make the final volume. The resultant products, A-F, will be white uniform 

2s suspensions. *. 
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Pfrarnple 2 

The following formulations are typical of aqueous ophthalmic suspensions of 
the present invention. 



INGREDIENT 


AMOUNT (wt») 


G 


H 








M 




° 


Bctaxolol HO 


0.28 


0.56 


0.28 


036 


0-28 


036 




036 








1.7" 












Compound 9" ■ 


1ST 


1ST 






137" 


137" 


137" 


137" 


Compound 12 










13 


. 13 




















13 


13 


BAC 


0.01 


oxi 


0X1 


0X1 


0X1 


0X1 


0X1 


0X1 


EDTA 


0X5 


0X5 


0X5 


0X5 


0X5 


0X5 


0X5 


0X5 


Amberlilc* 
IRP-69 


0-25 


O50 


075 


030 


075 


030 


075 


030 


Carbopol* 
934F 


0.4 


2X 


0.4 


2X 


0.4 


2.0 


0.4 


2.0 


Polysorbare 80 


0X5 


0-05 


OjOS 


0X5 


0X5 


0X5 


0X5 


0X5 




qs to 300 
mOsm/kg 


qsto300 
mOsm/kg 


qs to 300 
mOsn/kg 


qs tn 300 


qs to 300 


qs to 300 
mOsm/kg 


qsto300 
mOsm/kg 


qs to 300 
mOsm/kg 


PH 


qsto73 


qsto73 


qsto73 


qs to 73 


qs to 73 


qsto73 


qsto73 


qs to 73 


Water 


qs to 100 


qs to 100 


qs to 100 


qs to 100 


qs to 100 


qs to 100 


qs to 100 


qs to 100 



•See Table 1. 

-Roughly equivalent to 13 wt% of the free base. 



Preparation: 

Amberlite, betaxolol and Compound 3, 9, 12 or 13 are mixed in 50% of the 
total water volume component to form an uniform dispersion. Carbopol 934P is 
slowly added as an aqueous dispersion. The mixture is then homogenized at high 
speed. The other ingredients are added as aqueous solutions and then water is added 
to make the final volume. The resultant products, G-O, will be white uniform 
suspensions. 

The present invention is also directed to methods of treating and controlling 
ocular hypertension associated with glaucoma and other ophthalmic diseases and 
abnormalities. The methods comprise topically applying to the affected eye(s) of the 
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patient a therapeutically effective amount of a composition according to the present 
invention. The frequency and amount of dosage will be determined by the clinician 
based on various clinical factors. The methods will typically comprise topical 
application of one or two drops (or an equivalent amount of a solid or semi-solid 
dosage form) to the affected eye one to two times per day. 

The invention has been described by reference to certain preferred 
embodiments; however, it should be understood that it may be embodied in other 
specific forms or variations thereof without departing from its spirit or essential 
characteristics. The embodiments described above are therefore considered to be 
illustrative in all respects and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the foregoing description. 
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W^m S rSaimftri is; 

1. A topical ophthalmic composition for the treatment of glaucoma and ocular 
hypertension, comprising a beta-blocker and a carbonic anhydrase inhibitor in an 
ophthalmically acceptable vehicle. 

2. The composition of claim 1, wherein the composition is a suspension and the 
final composition pH is between about 5.0 and about 7.8. 

3. The composition of claim 2, wherein the final composition concentration of 
beta-blocker is less than or equal to about 2.0 wt%, and the final composition 
concentration of carbonic anhydrase inhi bitor is less than or equal to about 5 wt%. 

4. The composition of claim 3, wherein the final composition concentration of the 
beta-blocker is between about 0.1 and about 1.0 wt%. 

5. The composition of claim 4, wherein the final composition concentration of the 
beta-blocker is between about 0.25 and about 0.5 wt%. 

6. The composition of claim 5, wherein the final composition concentration of the 
beta-blocker is 0.25 wt%. 

7. The composition of claim 3, wherein the final composition concentration of the 
carbonic anhydrase inhibitor is between about 0.25 and about 3 wt%. 

8. The composition of claim 7, wherein the final composition concentration of the 
carbonic anhydrase inhibitor is about 1.5 wt%. 
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9. The composition of claim 2, wherein the carbonic anhydrase inhibitor has the 
formula: 




or a pharmaceutically acceptable salt thereof, wherein: 

R t is: H; alkyl; alkyl substituted optionally with OH, halogen, alkoxy or 
C(=0)R 7 ; 

Ra is: H; alkyl; alkyl substituted with OH, NRjRg, halogen, alkoxy, Q. 
4 alkoxyC,^alkoxy, OC(=0)R 7 , or C(=0)R 7 ; alkenyl unsubstituted or 
substituted optionally with OH, NR^R* or alkoxy; Cj., alkynyl 
unsubstituted or substituted optionally with OH, NRsR* or Q^, alkoxy; Q.j 
alkyl substituted with phenyl or R 10 either of which can be unsubstituted or 
substituted optionally with alkyl, Q.3 haloalkyl, OH, (CH 2 ) n NR s R 6 , 
halogen, alkoxy, haloalkoxy, C(=0)R 7 , S(=0) m R 8 or SOjNRsR^, 
wherein m is 0 - 2 and n is 0 - 2; alkoxy substituted optionally with NRjRg, 
halogen, Cm alkoxy, or C^O^; phenyl or R I0 either of which can be 
unsubstituted or substituted optionally with Q.3 alkyl, Ci_ 3 haloalkyl, OH, 
(CH 2 ) n NR 5 R 6 , halogen, alkoxy, haloalkoxy, C(=0)R 7 , S(=0) m R 8 or 
SOjNRjRg, wherein m is 0 - 2 and n is 0 - 2; provided that R t and Rj cannot 
both be H; or R x and Ra can be joined to form a saturated ring of 5 or 6 
atoms selected from O, S, C or N, such as, pyrroudine, oxazolidine, 
thiomorpholine, thiomorpholine 1,1 dioxide, morpholine, piperazine, 
thiazohdine 1,1 dioxide, or tetrahydrooxazme, which can be unsubstituted or 
substituted optionally on carbon with OH, NRjR* halogen, C,^ alkoxy, 
C(=0)R 7 , alkyl, alkyl substituted optionally with OH, NRjRe, halogen, 

alkoxy, C(=0)R 7 or on nitrogen with NRyR* alkoxy, C(=0)R 7 , 
alkyl or alkyl substituted optionally with OH, NR5R& halogen, alkoxy 
or C(=0)R 7 ; 

Ra is: H; halogen; Cn alkyl; C„ alkoxy; alkylthiok C« alkoxy substituted 
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optionally with OH, NR^, halogen, C,^ alkoxy or C(=0)R 7 ; C,^ alkyl 
substituted optionally with or R! and R 3 can be joined together with carbon 
atoms to form a ring of from 5 to 7 members in which said carbon atoms can 
be unsubstituted or substituted optionally with R»; 

R« is: OH; alkyl unsubstituted or substituted optionally with OH, NRjR^, 

halogen, C,^, alkoxy or C(=0)K,; alkoxy; C^, alkoxy substituted optionally 
with OH, NRjRs, halogen, C,^ alkoxy or C(=0)R 7 ; NRjR*; phenyl or R 10 
either of which can be unsubstituted or substituted optionally with OH, 
(CH 2 ) n NR 5 R 6! halogen, ^ alkoxy, C,^ haloalkoxy, OC=0)R„ S(=0) n R 8 or 
SOzNRjRs, wherein mis0-2andnis0-2; 

Provided that when G is S0 2 and R 3 is in the 4 position and is H or halogen then R, 
and R 2 are not H, alkyl substituted optionally with OH, C,^ alkoxy, 
alkoxycarbonyl, alkenyl, phenyl, phenoxy, pyridyl, tetrahydrofuryl, 
alkanoyl, alkenyl, nor are they joined to form a 5, 6 or 7 member ring, 
saturated or unsaturated, comprised of atoms selected optionally from C, O, S, 
N in which said nitrogen, when saturated, is substituted optionally with H or 
Cks alkyl or in which said carbon is substituted optionally with alkyl, 
alkoxy or OH; and when R 3 is in the 5 position and is H, d, Br, or alkyl 
then neither Ri nor Rj can be H or C,^ alkyl; and when G is C(=0) and in 
the 5- position and R 3 is H, then R t and Rj cannot both be CH 3 ; 

Rs & R6 are the same or different and are: H; C,^ alkyl; alkyl substituted 

optionally with OH, halogen, C,^ alkoxy or C(=0)R 7 ; C,^ alkoxy, C^, alkoxy 
substituted optionally with OH, halogen, C,^ alkoxy or C(=0)R 7 ; C*. 7 alkenyl 
unsubstituted or substituted optionally with OH, NRjR* or alkoxy, Q_ 7 
alkynyl unsubstituted or substituted optionally with OH, NRjR*, or C,^ alkoxy, 
C 1 . 2 alkyl-C 3 . s cycloalkyl; CC=0)R, or Rj and ^ can be joined to form a ring of 
5 or 6 atoms selected from O, S, C or N, such as, pyrrolidine, oxazolidine, 
thiomorpholine, thiomorpholine 1,1 dioxide, morpholine, piperazine or 
thiazolidine 1,1-di oxide, which can be unsubstituted or substituted optionally on 
carbon with OH, (=0), halogen, C,^ alkoxy, C(=0)R 7 , C,. 6 alkyl C,^ alkyl 
substituted optionally with OH, halogen, alkoxy, C(=0)R 7 or on nitrogen 
with Q.4 alkoxy, C(=0)R 7 , S(=0) m R 8 , C,^ alkyl or alkyl substituted 
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optionally with OH, halogen, alkoxy, C(=0)R 7 or on sulfur by (=0) m , 
wherein m is 0 - 2; 

R 7 is: alkyl; C^, alkyl substituted optionally with OH, NRjRg, halogen, alkoxy 
or CC=0)R,; alkoxy, C^, alkoxy substituted optionally with OH, NRjR^, 
halogen or alkoxy, NRsR* or phenyl or R 10 either of which can be 
unsubstituted or substimted optionally with OH, halogen* Cj. 3 alkyl, 
haloalkoxy, (CH^nNRsRs, S(=0) m Rg or SOjNRjRg, wherein n is 0 or 1 and m 
is 0-2; 

Rg is: C^, alkyl; alkyl substituted optionally with OH, NRjRg, halogen, alkoxy 
orC(=0)R 7 ; 

Rj is: C^, alkyl; C,^ alkoxy; amino, d_ 3 alkylamino, or di-C^, alkylamino; 

R 10 is: a monocyclic ring system of 5 or 6 atoms composed of C, N, O, and/or S, such 
as furan, thiophene, pyrrole, pyrazole, imidazole, triazole, tetrazole, oxazole, 
isoxazole, isothiazole, thiazole, thiadiazole, pyridine, pyrimidine, pyridazine, and 
pyrazrne; and 

Gis: C(=0)orS0 2 . 

10. The composition of claim 9, wherein the carbonic anhydrase inhibitor is 
selected from the group consisting of: (R)~3,4-Dmydro-2-(2-ethoxy)ethyl-4- 
ethylammo-2H-thieno[3^-e]-l^-thiazme-6-sulfonamide 1,1-dioxide hydrochloride; (R)- 
3,4-Dil3ydro-2-(2-ethoxy)ethyl-4-propylamino-2H-tW 

sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-4-ethylamino-2-(3- 
methoxy)propyl-m-thieno[3^-e]-l^-tMazine-6-sulforiamide 1,1-dioxide hydrochloride; 
(R)-3,4-Dihydro-2-(3-methoxy)propyl^propyl 

sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dmydro-4-eliylammo-2-[2- 
metboxyethoxy)etfayl]-2H-tMeno[3,2-e]-l^-thiazme-6-suK 1, 1-dioxide 

hydrochloride; (R)-3,4-Dibydro-2-[2-memoxyemoxy)ethyl]-4-propylamm 
tMeno[3^-e]-l^-fhiazme-6^sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-4- 
ethylammo-2-[3-(2-methoxy)etnoxy]propyl-2H-thieno[3^^ 
1,1-dioxide hydrochloride; (R)-3,4-Dmydro-2-[3<methoxyethoxy)propyl]-4- 
propylammo-2H-tMeno[3,2-e]-l,2-lm^^ 1,1-dioxide hydrochloride; 

(R)-3,4-Dmydrc^ethylanimo-2-(2-methoxy)ethyl-2H-in^ 
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sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-2-(2-methcHgr)ethyl-4- 
propylarnmo-2H-tm^no[3^-e]-l^-thia2ine-6-siilfonamide 1,1-dioxide hydrochloride; 
(R)-3,4-Dihydro-4-ethylamino-2-methyl^ 

I, 1-dioxide hydrochloride; (R)^ethylan^o-3,4-dihydro-2-(4-methaxy)butyl-2H- 
thieno[3^-e]-l^-thiazme-6^sulfonamide 1,1-dioxide; (R)-3,4-dihydro-2-(4- 
methoxy)butyl-4-propylammo-2-tmeno[3,2-e>^ 1,1-dioxide; 
(R)^EthylamincH2-(4-methcayphenyl)-3^ 

sulfonamide 1,1-dioxide hydrochloride; (R)-^Ethylamino-3,4-dihydro-2-(3- 

methoxyphenyI)-2H-thieno[3,2-e]-l,2-tWazine-6-sulfonamide 1,1-dioxide hydrochloride; 

(R)-4-Ethylainino-2-(4-hydroxyphenyl>3,4-dihydro-2H 

sulfonamide 1,1-dioxide hydrochloride; (R)-4-Ethyl amino-3, 4-dihydro-2-(3- 

hydroxyphenyl)-2H-thieno[3^-e]-l^-thiazme-6-sulfonamide 1,1-dioxide hydrochloride; 

(R)-4-Ethylainmo-3,4-dihydro-2-(3-h^^ 

thiazine-6-sulfonamide 1,1-dioxide hydrochloride; (R)^Ethylaniino-3,4-dihydro-2-(3- 
methoxyphenylmetbyl)-2H-thieno[3,2-e]-l£^^ 1,1-dioxide 
hydrochloride; (R)^Ethylammo-3,4-dihydro-2-(2-methylpropyl>2H-thieno[3^-e]-l 
thiazme-6-sulfonamide 1,1-dioxide hydrochloride; (R>4-Ethylamino-3,4-dihydro-2-(6- 
hydroxyhexyl)-2H-thieno[3,2-e]-l,2-thiazine-6-sulfonaniide 1,1-dioxide hydrochloride; 
(R)-3,4-Dmydro-2-(3-hydroxypropyl)^(2-methylpropyl)ammo-2H-t^ 
tniazine-6-sulfonamide 1,1-dioxide hydrochloride hemihydrate; and (-)-trans-5,6- 
dihydro-<K3-methoxy)propyl-4-propylammo^ 
7,7-dioxide. 

II. The composition of claim 10, wherein the carbonic anhydrase inhibitor is 
selected from the group consisting of: (R>3,4-Dmydro-4-ethylamino-2-(3- 
methoxy)propyl-2H-thieno[3^-e]-l^-thiazme-6-sulfonamide 1,1-dioxide hydrochloride 
and (R)-3,4-Dihydro-4-ethylanimc>-2-(2-meth^ 

sulfonamide 1,1-dioxide hydrochloride; (R)-4-etbylamino-3 ,4-dihy dro-2-(4- 

m ethoxy)butyl-2H-thieno [3 ,2-e]- l,2-thiazine-6-sulf onamide 1,1-dioxide; (R)^3,4- 

dmydro-2-(4-me1hoxy)butyl-4-propylan^ 

1, 1-dioxide; (-)-trans-5,6-dihych-o-6-(3-methoxy)^^^ 

b]thiopyran-2-sulfonamide 7,7-dioxide. 
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12. The composition of claim 2, wherein the beta-blocker is selected from the 
racemic and enantiomeric forms of: betaxolol, timolol, metoprolol, befunolol, 
falintolol, levobunolol, carteolol, mepindolol, pindolol, bisoprolol, bopindolol, 
atenolol, arotinolol, acebutolol, nadolol, celiprolol, metipranolol, bevantolol, ICI 
118,551, pamatolol, peributolol, toliprolol, tiprenolol, practolol, procmolol, exaprolol, 
cdcloprolol, carazolol, tazolol, tienoxolol, oxprenolol, propranolol, EPS 339, labetolol, 
dilevalol, esmolol, bupranolol, bunolol, isoxaprolol, diacetolol, hydroxylevobunolol, 
carvedflol, and their pharmaceutically acceptable salts. 

13. The composition of claim 12, wherein the beta-blocker is selected from the 
racemic and enantiomeric forms of: betaxolol, timolol, carteolol, levobunolol and 
hydroxylevobunolol, and their pharmaceutically acceptable salts. 

14. The composition of cla im 13, wherein the beta-blocker is betaxolol or a 
pharmaceutically acceptable salt thereof. 

15. The composition of claim 13, wherein the beta-blocker is S-timolol or a 
pharmaceutically acceptable salt thereof. 

16. The composition of claim 2, wherein the beta-blocker is a thiadiazole of 
formula: 

it" 

n n^ 0 >^y^hnA^oh (II) 



and optically active isomers and pharmacologically acceptable salts thereof, wherein 
R" is selected from the group consisting of: hydrogen, halogen, Q.j alkyl, mono- 
alkenyl, alkoxy, C« cycloalkyl, phenyl, phenalkyl, morphohno, furyl, thienyl and 
pyrryL 
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17. The composition of claim 16, wherein R" is selected from the group consisting 
of: chlorine, ethyl, allyl, cyclopropyl, ethoxy, phenyl, phenyl-chloromethyl and 2- 
(cyclopropylmethoxy)ethyl. 

18. The composition of claim 1, further comprising an anionic mucomimetic 
polymer wherein the final composition concentration of the anionic mucomimetic 
polymer is between about 0.05 and about 8.0 wt%. 

19. The composition of claim 18, wherein the final composition concentration of 
beta-blocker is less than or equal to about 2.0 wt%, and the final composition 
concentration of carbonic anhydrase inhibitor is less than or equal to about 5 wt% 

20. The composition of claim 19, further comprising a finely-divided drug carrier 
substrate, wherein the final composition concentration of the finely-divided drug 
carrier substrate is between about 0.05 and about 10.0 wt%. 

21. The composition of claim 18, wherein the carbonic anhydrase inhibitor has the 
formula: 




or a pharmaceutical^ acceptable salt thereof, wherein: 

Rj is: H; alkyl; alkyl substituted optionally with OH, halogen, C,^ alkoxy or 
C(=0)R 7 ; 

R 2 is: H; alkyl; alkyl substituted with OH, NRjRg, halogen, C,^ alkoxy, 
4 alkoxyC 1-4 alkoxy, OCC=0)R7, or C(=0)R,; Cj. 7 alkenyl unsubstituted or 
substituted optionally with OH, NRsR^, or C,^ alkoxy, alkynyl 
unsubstituted or substituted optionally with OH, NRjR*, or C,^ alkoxy, Q.3 
alkyl substituted with phenyl or R 10 either of which can be unsubstituted or 
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substituted optionally with alkyl, Q. 3 haloalkyl, OH, (CH^J^RjR^, 
halogen, Q^, alkoxy, haloalkoxy, C(=0)R 7 , S(=0) n R 8 or SOjNRjR* 
wherein m is 0 - 2 and n is 0 - 2; alkoxy substituted optionally with NR S R 6 , 
halogen, alkoxy, or C(=0)R~j', phenyl or R 10 either of which can be 
unsubstituted or substituted optionally with Q. 3 alkyl, haloalkyl, OH, 
(CH^^R* halogen, alkoxy, C„ haloalkoxy, C(=0)R„ S(=0) m R 8 or 
SOaNRjRfi, wherein m is 0 - 2 and n is 0 - 2; provided that R, and R 2 cannot 
both be H; or R t and R 2 can be joined to form a saturated ring of 5 or 6 
atoms selected from O, S, C or N, such as, pyrrolidine, oxazolidine, 
thiomorpholine, thiomorpholine 1,1 dioxide, morpholine, piperazine, 
thiazolidine 1,1 dioxide, or tetrahydrooxazine, which can be unsubstituted or 
substituted optionally on carbon with OH, NRjRg, halogen, alkoxy, 
C(==0)R„ alkyl, alkyl substituted optionally with OH, NRjRg, halogen, 
C,^ alkoxy, C(=0)R T or on nitrogen with NRsR* ^ alkoxy, C(=0)R 7 , 
alkyl or alkyl substituted optionally with OH, NRjR^, halogen, alkoxy 
or C(=0)R 7 ; 

R 3 is: H; halogen; alkyl; C,^, alkoxy; C,.* alkylthiol; alkoxy substituted 
optionaUy with OH, NRjRg, halogen, alkoxy or C^COR,; C^, alkyl 
substituted optionally with R,; or Rj and R 3 can be joined together with carbon 
atoms to form a ring of from 5 to 7 members in which said carbon atoms can 
be unsubstituted or substituted optionally with R 4 ; 

R* is: OH; alkyl unsubstituted or substituted optionally with OH, NRjRs, 

halogen, alkoxy or C(=0)R 7 ; alkoxy, alkoxy substituted optionally 
with OH, NRsRg, halogen, alkoxy or CC=0)R,; NRjRe; phenyl or R 10 
either of which can be unsubstituted or substituted optionally with OH, 
(CH 2 ) n NR 5 R 6 , halogen, alkoxy, haloalkoxy, C(=0)R 7 , S(=0) ffi R 8 or 
SOzNRjRe, wherein m is 0 - 2 and n is 0 - 2; 

Provided that when G is S0 2 and R 3 is in the 4 position and is H or halogen then 
and R 2 are not H, alkyl substituted optionally with OH, C,^ alkoxy, 
alkoxycarbonyl, alkenyl, phenyl, phenoxy, pyridyl, tetrahydrofuryl, 
alkanoyl, alkenyl, nor are they joined to form a 5, 6 or 7 member ring, 
saturated or unsaturated, comprised of atoms selected optionally from C, O, S, 
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N in which said nitrogen, when saturated, is substituted optionally with H or 
alkyl or in which said carbon is substituted optionally with alkyl, C,^ 
alkoxy or OH; and when R 3 is in the 5 position and is H, Q, Br, or Q. 3 alkyl 
then neither R, nor R 2 can be H or C,^ alkyl; and when G is C(=0) and in 
the 5- position and R 3 is H, then R t and R 2 cannot both be CH 3 ; 
Rj & Rg are the same or different and are: H; C^, alkyl; alkyl substituted 

optionally with OH, halogen, C,^ alkoxy or C(=0)R 7 ; C,., alkoxy, alkoxy 
substituted optionally with OH, halogen, alkoxy or C(=0)R 7 ; Cy. 7 alkenyl 
unsubstituted or substituted optionally with OH, NR5R* or alkoxy, Cj_ 7 
alkynyl unsubstituted or substituted optionally with OH, NRjR^, or C,^ alkoxy; 
Ci.jalkyl-Cj-sCycl 0311 ^ 1 ; C(=0)R 7 or Rj and R«s can be joined to form a ring of 
5 or 6 atoms selected from O, S, C or N, such as, pyrrohdine, oxazolidine, 
thiomorpholine, thiomorpholine 1,1 dioxide, morpholine, piperazine or 
thiazolidine 1,1 -dioxide, which can be unsubstituted or substituted optionally on 
carbon with OH, (=0), halogen, alkoxy, C(=0)R 7 , alkyl, C,^ alkyl 
substituted optionally with OH, halogen, C,^ alkoxy, C(=0)R 7 or on nitrogen 
with alkoxy, C(=0)R 7 , S(=0) 0J R 8 , alkyl or C« alkyl substituted 
optionally with OH, halogen, C,^ alkoxy, C(=0)R 7 or on sulfur by (=0) m , 
wherein m is 0 - 2; 

R 7 is: Cw, alkyl; C,., alkyl substituted optionally with OH, NR5R* halogen, alkoxy 
or C(=0)R 9 ; C,^ alkoxy, C^, alkoxy substituted optionally with OH, NRjR*, 
halogen or alkoxy, NRjRe; or phenyl or R I0 either of which can be 
unsubstituted or substituted optionally with OH, halogen, Q. 3 alkyl, C,. 3 
haloalkoxy, (CH^nNRjRe, S(=0) m R 8 or SOjNRjR^ wherein n is 0 or 1 and m 
is 0-2; 

Rg is: Cj.4 alkyl; alkyl substituted optionally with OH, NR^R^ halogen, alkoxy 
or C(=0)R 7 ; 

Rj, is: C,^ alkyl; C,^, alkoxy amino, Q.j alkylamino, or.4i-C,. 3 alkylarnino; 
R 10 is: a monocyclic ring system of 5 or 6 atoms composed of C, N, O, and/or S, such 
as furan, thiophene, pyrrole, pyrazole, imidazole, triazole, tetrazole, oxazole, 
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isoxazole, isothiazole, thiazole, tbiadiazole, pyridine, pyrimidine, pyridazine, and 
pyrazine; and 
G is: C(=0) or SO* 

22. The composition of claim 18, wherein the beta-blocker is selected from the 
racemic and enantiomeric forms of: betaxolol, timolol, metoprolol, befunolol, 
falintolol, levobunolol, carteolol, mepindolol, pindolol, bisoprolol, bopindolol, 
atenolol, arotinolol, acebutolol, nadolol, celiprolol, metipranolol, bevantolol, ICI 
118,551, pamatolol, penbutolol, toliprolol, tiprenolol, practolol* procinolol, exaprolol, 
cicloprolol, carazolol, tazolol, tienoxolol, oxprenolol, propranolol, IPS 339, labetolol, 
dilevalol, esmolol, bupranolol, bunolol, isoxaprolol, diacetolol, hydroxylevobunolol, 
carve dilol, and their pharmaceutical^ acceptable salts. 



23. The composition of claim 18, wherein the beta-blocker is a thiadiazole of 
formula: 

HO 



and optically active isomers and pharmacologically acceptable salts thereof, wherein 
R" is selected from the group consisting of: hydrogen, halogen, alkyl, Cj. 5 mono- 
alkenyl, alkoxy, cycloalkyl, phenyl, phenalkyl, morpholino, furyl, thienyl and 
pyrryL 

24. A method for the treatment of glaucoma and ocular hypertension, comprising 
applying to an affected eye a composition comprising a beta-blocker and a carbonic 
anhydrase inhibitor in an ophlhalmicafly acceptable vehicle. 
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25. The method of claim 24, wherein: the final composition concentration of the 
beta-blocker is less than or equal to about 2.0 wt%, and the final composition 
concentration of the carbonic anbydrase inhibitor is less than or equal to about 5 
wt%. 

26. The method of claim 24, wherein the carbonic anhydrase inhibitor has the 
formula: 




or a pharmaceutically acceptable salt thereof, wherein: 

Ri is: H; alkyl; C^, alkyl substituted optionally with OH, halogen, C,^ alkoxy or 
C(=0)R,; 

R 2 is: H; alkyl; alkyl substituted with OH, NRjR* halogen, alkoxy, Q. 
«alkoxyC,.,alkoxy, OC(=0)R 7 , or C(=0)R 7 ; Cj. 7 alkenyl unsubstituted or 
substituted optionally with OH, NRsRg, or C,^ alkoxy; Q. 7 alkynyl 
unsubstituted or substituted optionally with OH, NRjRfi, or alkoxy; C,_ 3 
alkyl substituted with phenyl or R 10 either of which can be unsubstituted or 
substituted optionally with Q.3 alkyl, Q.3. haloalkyl, OH, (C£l^ B NR s R 6 , 
halogen, C,^ alkoxy, C,^ haloalkoxy, C(=0)R 7 , S(=0) B R 8 or S0 2 NR 5 R 6 , 
wherein m is 0 - 2 and n is 0 - 2; Q^, alkoxy substituted optionally with NR 5 R^, 
halogen, C,^ alkoxy, or C(=0)R,; phenyl or R, 0 either of which can be 
unsubstituted or substituted optionally with Cj. 3 alkyl, C,_ 3 haloalkyl, OH, 
(CH 2 ) B NR 5 R 6 , halogen, C,^ alkoxy, C,^ haloalkoxy, C(=0)R 7 , S(=0) m Rg or 
SOjNRjRj, wherein m is 0 - 2 and n is 0 - 2; provided that R! and R 2 cannot 
both be H; or R, and Rj can be joined to form a saturated ring of 5 or 6 
atoms selected from O, S, C or N, such as, pyrrolidine, oxazolidine, 
thiomorpholine, thiomorpholine 1,1 dioxide, morpholine, piperazine, 
thiazohdine 1,1 dioxide, or tetrahydrooxazine, which can be unsubstituted or 
substituted optionally on carbon with OH, NRjRs, halogen, C,^, alkoxy, 
C(=0)R 7 , C,^ alkyl, C,^ alkyl substituted optionally with OH, NRjRe, halogen, 
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alkoxy, CC=0)R, or on nitrogen with NRjRg, alkoxy, C(=0)R 7 , 
alkyl or C„ alkyl substituted optionally with OH, NRjRc, halogen, alkoxy 
or C(=0)R 7 ; 

Ra is: H; halogen; alkyl; C^, alkoxy, alkylthiol; alkoxy substituted 
optionally with OH, NRjRg, halogen, C,^ alkoxy or C(=0)R 7 ; C„ alkyl 
substituted optionally with R*; or Ri and R 3 can be joined together with carbon 
atoms to form a ring of from 5 to 7 members in which said carbon atoms can 
be unsubstituted or substituted optionally with R<; 

R* is: OH; C^, alkyl imsubstituted or substituted optionally with OH, NRjRg, 

halogen, alkoxy or C(=0)R 7 ; alkoxy; alkoxy substituted optionally 
with OH, NRjRg, halogen, alkoxy or C(=0)R 7 ; NRsRg; phenyl or R 10 
either of which can be unsubstituted or substituted optionally with OH, 
(CH^^R* halogen, alkoxy, haloalkoxy, C(=0)R„ S(=0) m R 8 or 
SOjNRjRg, wherein m is 0 - 2 and n is 0 - 2; 

Provided that when G is S0 2 and R 3 is in the 4 position and is H or halogen then R x 
and Rj are not H, alkyl substituted optionally with OH, alkoxy, 
alkoxycarbonyL C« alkenyL phenyl, phenoxy, pyridyk tetrahydrofuryL 
alkanoyL, alkenyL nor are they joined to form a 5, 6 or 7 member ring, 
saturated or unsaturated, comprised of atoms selected optionally from C, O, S, 
N" in which said nitrogen, when saturated, is substituted optionally with H or 

alkyl or in which said carbon is substituted optionally with alkyl, 
alkoxy or OH; and when Rj is in the 5 position and is H, CL Br, or C« alkyl 
then neither R, nor R 2 can be H or alkyl; and when G is C(=0) and in 
the 5- position and R 3 is H, then R t and Ra cannot both be CH 3 ; 

Rj & Re are the same or different and are: H; alkyl; alkyl substituted 

optionally with OH, halogen, alkoxy or C^O^; alkoxy; alkoxy 
substituted optionally with OH, halogen, alkoxy or C^O^; Q. 7 alkenyl 
unsubstituted or substituted optionally with OH, NRjRc, or alkoxy; Cj_ 7 
alkynyl unsubstituted or substituted optionally with OH, NRjR^, or alkoxy, 
C^alkyl-t^cycloalkyl; C(=0)R 7 or Rj and Rg can be joined to form a ring of 
5 or 6 atoms selected from O, S, C or N, such as, pyrrolidine, oxazolidme, 
thiomorpholine, thiomorpholine 1,1 dioxide, morpholine, piperazine or 
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thiazolidine 1,1-dioride, which can be unsubstituted or substituted optionally on 
carbon with OH, (=0), halogen, alkoxy, C(=0)R„ C,^ alkyl, C,^ alkyl 
substituted optionally with OH, halogen, C,^ alkoxy, C(=0)R 7 or on nitrogen 
with Q.4 alkoxy, CC=0)R>, S(=0) n R8, alkyl or alkyl substituted 
optionally with OH, halogen, alkoxy, C(=0)R 7 or on sulfur by (=0) m , 
wherein m is 0 - 2; 

R 7 is: C,^ alkyl; alkyl substituted optionally with OH, NRjRg, halogen, C,^ alkoxy 
or C(=0)R 9 ; alkoxy; alkoxy substituted optionally with OH, NRjR^, 
halogen or C,^ alkoxy; NRsReJ or phenyl or R 10 either of which can be 
unsubstituted or substituted optionally with OH, halogen, alkyl, 
haloalkoxy, (CH 2 ) C NR J R 6 , S(=0)„R 8 or SOaNRjRe, wherein n is 0 or 1 and m 
is 0-2; 

R 8 is: C,^ alkyl; C^, alkyl substituted optionally with OH, NRjR* halogen, C,^ alkoxy 
orC(=0)R 7 ; 

R, is: Cm alkyl; Cm alkoxy; amino, alkylamino, or di-C,. 3 alkylamino; 

R xo is: a monocyclic ring system of 5 or 6 atoms composed of C, N, O, and/or S, such 
as furan, thiophene, pyrrole, pyrazole, imidazole, triazole, tetrazole, oxazole, 
isoxazole, isothiazole, thiazole, thiadiazole, pyridine, pyrimidine, pyridazrne, and 
pyrazine; and 
• Gis: C(=0) or SO,. 

27. The method of claim 26, wherein the carbonic anhydrase inhibitor is selected 
from the group consisting of: (R)-3,4-Dihyd^2-(2-ethoxy)ethyl-4^thylainino-2H- 
tmeno[3^-e]-l^-tm'azme-6-sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-2- 
(2-ethoxy)ethyl-4-propylammcK2H^^ 1,1-dioxide 
hydrochloride; (R>3,4-Dihydro^^thylamino-2-(3-methoxy)propyl-2H-thieno[3^2-e]- 
l^-thiazme-6-sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-2-(3- 
. methoxy)propyl-4-propylaiiimo-2H^ 1,1-dioxide 
hydrochloride; (R)-3,4-Dmydro-4-ethylammo-2-[2-m 

e]-l^-thiazme-6^sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-2-[2- 
memoxyethoxy)ethyl]-4-propylammo-2H-^ 1,1- 
dioxide hydrochloride; (R)-3,4-Dihydro-4-ethylanim^ 



WO 93/16701 



-30- 



PCT/US93/01487 



2H-tMeno[3^-e]-l^-thiazme-6-sulfonamide 1,1-dioxide hydrochloride; (R)-3,4- 
Dihydro-2-[3-(methoxyerhoxy)propyl]-^ 

sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-DihydrcH4-ethylamino-2-(2- 
methoxy)ethyl-2H-thieno[3,2-e]-l^-tMazme-6-suh!oiianiide 1,1-dioxide hydrochloride; 
(R)-3,4-Dihydro-2-(2-methoxy)^ 

sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-4-ethylaimno-2-methyl-2H- 
thieno[3,2-e]-l,2-1hiazme-6-sulfonamide 1,1-dioxide hydrochloride; (R)-4-ethylamino- 
3,4-dmydro-2-(4-methc>xy)bu^ 1,1- 
dioxide; (R)-3,4-dihydro-2-(4-methoxy)butyl-4-propylammcK2-thi 
thiazme-6-sulfonamide 1,1-dioxide; (R)-4-Ethylaniino-2-(4-methoxyphenyl)-3,4- 
dihydro-2H-thieno[3^-e]-l^-thiazme-6-sulfonamide 1,1-dioxide hydrochloride; (R)-4- 
Edtylainino-3,4-dihydro-2-(3-methoxyphenyl)-2EI-thi 

sulfonamide 1,1-dioxide hydrochloride; (R)-4-Elnylaniino-2-(4-hydroxyphenyl)-3,4- 

dihydro-2H-thieno[3^-e]-l^-thiazine^siiKonamide 1,1-dioxide hydrochloride; (R)-4- 

Ethylammo-3,4-dihydxo-2-(3-hydroxyphenyl)-2H-thieM 

sulfonamide 1,1-dioxide hydrochloride; (R)-4-Ethylammo-3,4-dihydro-2-(3- 

hydroxyphenylmethyl)-2H-thieno[3 1,1-dioxide 

hydrochloride; (R)-4-EthylammcH3,4-dmyfro-2^ 

thieno[3^-e]-l^-thiazme-6^ulfonamide 1,1-dioxide hydrochloride; (R)-4-Ethylamino- 
3AdihydrcH2-(2-methylpropyI)-2H-thieno[3,2-e]-l,2-thiazme^s 1,1-dioxide 
hydrochloride; (^)^Etnylanimo-3,4-dihycko-2^^ 

tbiazme-6-sulfonamide 1,1-dioxide hydrochloride; (R)-3,4-Dihydro-2-(3- 
hydroxypTOpyl)-4-(2-methylpropyl)amino-2H-thi 

1,1-dioxide hydrochloride hemihydrate; and (-)-trans-5, 6-dihydro-6-(3-methoxy)propyl- 
4-prop^laimnc>-4H-tMeno-[23-b]thiopyran-2-sulfonam^ 7,7-dioxide. 

28. The composition of claim 27, wherein the carbonic anhydrase inhibitor is 
selected from the group consisting of: (R)-3,4-Dmyd^o-4-ethylamino-2-(3- 
m pth oxy)propyl-2H- thie Tin [3,2-e]-l ,2-thiazme-6-snlf onamide 1,1-dioxide hydrochloride 
and (R)-3,4-Dihydro-4-eliiylaimno-2-^^ 

sulfonamide 1,1-dioxide hydrochloride; (R)-4-ethylamino-3,4-dihydro-2-(4- 
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metha^)butyl-2H-thieno[3^-e]-l^-thiazine-6-sulfonainide 1,1-dioxide; (R)-3,4- 
dmydro-2-(4-memoxy)bulyl-4-propylain^ 

1,1-dioxide; (-)-trans-5,6-dihydro-6-(3-methoxy)propyl-4-propyIamino-4H-tMeno^ 
b]thiopyran-2-sulfonamide 7,7-dioxide. 

29. The method of claim 24, wherein the beta-blocker is selected from the racemic 
and enantiomeric forms of: betaxolol, timolol, metoprolol, befunolol, falintolol, 
levobunolol, carteolol, mepindolol, pindolol, bisoprolol, bopindolol, atenolol, 
arotinolol, acebutolol, nadolol, celiprolol, metipranolol, bevantolol, Id 118,551, 
pamatolol, pehbutolol, toliprolol, tiprenolol, practolol, prodnolol, exaproloL, 
cicloprolol, carazolol, tazolol, tienoxolol, oxprenolol, propranolol, IPS 339, labetolol, 
dilevalol, esmolol, bupranolol, bunolol, isoxaprolol, diacetolol and hydroxylevobunolol, 
and their pharmaceutically acceptable salts. 

30. The method of claim 29, wherein the beta-blocker is selected from the group 
consisting of: betaxolol, timolol, carteolol, levobunolol and hydroxylevobunolol, and 
their pharmaceutically acceptable salts. 

31. The method of claim 24, wherein the beta-blocker is a thiadiazole of formula: 




HO 



and optically active isomers and pharmacologically acceptable salts thereof, wherein 
R" is selected from the group consisting of: hydrogen, halogen, C,_ 5 alkyl, C^ 5 mono- 
alkenyl, C„ alkoxy, C« cycloalkyl, phenyl, phenalkyl, morpholino, furyL, thienyl and 
pyrryl. 

32. The method of claim 31, wherein R" is selected from the group consisting of: 
chlorine, ethyl, allyl, cyclopropyl, ethoxy, phenyl, phenyl-chloromethyl and 2- 
(cyclopropylmethoxy)ethyl. 



